Um método empregando LC-MS/MS foi desenvolvido para a análise de rosuvastatina em plasma humano, usando atorvastatina como padrão interno. Rosuvastatina é um fármaco para redução de lipídeos e prescrita para o tratamento do hipercolesterolemia e de dislipidimia. A extração em fase sólida (SPE) foi usada para purificação e pré-concentração do analito a partir da matriz do plasma humano. A separação cromatográfica foi conseguida em 6.0 min empregando fase móvel composta de 0.2% de ácido fórmico em água e acetonitrila (40: 60,v/v, na vazão de 1.0 mL min -1 e coluna YMC J'sphere ODS H-80, 150 x 4.6 mm, partículas de 4.0 μm. Na saída da coluna, a fase móvel foi dividida, sendo que 200 μL foram dirigidos para o espectrômetro de massas e 800 μL para o descarte. Pelo Monitoramento de Reação Múltipla (MRM), as transições foram medidas no modo positivo em m/z 482 -258 para rosuvastatina e m/z 559 -440 para o padrão interno, respectivamente. Uma validação detalhada do método foi realizada seguindo as recomendações do FDA americano e as curvas analíticas foram lineares no intervalo de 1.00 ng mL -1 a 50.00 ng mL -1 com coeficiente de correlação médio maior que 0.99. A recuperação absoluta foi maior que 50.14% para rosuvastatina e 54.65% para o padrão interno. Rosuvastatina foi estável por 138 dias a -70 ± 5 °C e por 24 horas à temperatura ambiente. Após a extração do plasma, as amostras reconstituídas de rosuvastatina permaneceram estáveis no auto injetor, a 10 °C, por 8 horas. Depois de submetidas a três ciclos de congelamento/descongelamento, não houve mudanças na recuperação do analito. O método é simples, específico, sensível, preciso, exato e apropriado para aplicações em bioequivalência e estudos farmacocinéticos. Foi aplicado com sucesso em um estudo piloto de bioequivalência da rosuvastatina, comprimidos -Zydus, Cadila, India versus comprimidos -Crestor, Astra Zeneca, EUA, em voluntários sadios do sexo masculino.
Introduction
Rosuvastatin is a lipid-lowering drug. 1, 2 It inhibits the enzyme 3-hydroxy-3 methyl glutaryl Coenzyme A (HMGCoA) reductase, the rate limiting enzyme that converts HMG-CoA to mevalonate a precursor of cholesterol and thereby checks the synthesis of cholesterol. Rosuvastatin reduces total cholesterol, low density lipoprotein (LDL) cholesterol and triglycerides (TG) and increases high density lipoprotein (HDL) in patients with hypercholestrolemia and dyslipidimia.
Several LC-MS methods have been reported for the estimation of rosuvastatin [3] [4] [5] [6] [7] [8] and its metabolite 9 in biological matrices. Amongst them the LC-MS/MS method 3 used for the analysis of human plasma samples derived from clinical trials of Crestor tablets is the most sensitive one, with a limit of quantitation of 0.1 ng mL -1 . The method employed deutrated rosuvastatin as an internal standard. The sample purification and pre-concentration were performed by solid phase extraction (SPE). Chromatographic separation was performed with a mobile phase (methanol: 0.2% formic acid in water 70:30 v/v) flowing through a Luna C18 column 5mm (4.6 mm I.D 5 150 mm) at a flow rate of 1.0 mL min -1 with split of 200 mL to mass spectrometer and 800 mL to waste. The calibration curves were linear in the range of 0.1 ng mL -1 to 30.0 ng mL -1 . The scope of the present investigation was limited to the quantification of rosuvastatin ( Figure 1 ) in a single dose bioequivalence study of 20 mg rosuvastatin tablets of M/s Zydus Cadila versus Crestor tablet of M/s Astra Zeneca. Therefore, we opted for a cheaper and readily available internal standard atorvastatin ( Figure 1 ) instead of deuterated rosuvastatin. Based on the C max value of rosuvastatin, a suitable linearity range of 1.0 ng mL -1 to 50.0 ng mL -1 was selected. Instead of Luna column used by earlier workers, 3 the present method was developed on a YMC J' Sphere ODS H-80 column 4 mm (4.6 mm I.D 5150 mm) which was readily available and the mobile phase was modified accordingly to achieve the desired separation within 6.0 min (Figure 2 ). Tandem mass spectrometric detection allowed the quantification of rosuvastatin up to 1.0 ng mL -1
. Although the chromatographic run time is almost similar in both the methods the reconstitution volume of the reported method 3 was 130 μL with an injection volume of 100.0 μL, which would not allow re-injection of the samples in case of any disaster. The method reported in the present investigation is devoid of any such draw back with a reconstitution volume of 250 μL and injection volume of 50 μL. Moreover if required the method has the flexibility of lowering the LLOQ to 0.25 ng mL -1 by increasing the injection volume to 100 µL and decreasing the reconstitution volume to 125 μL. No pretreatment of plasma was performed in the present method as compared to reported method 3 where all the plasma samples were diluted two fold with acetate buffer (0.1 mol L -1 , pH 4) prior to assay rendering the effective concentration as 0.2 ng mL . The present method employs a cheaper version of SPE cartridges 20-position extraction manifold instead of 96 well plate format used by the innovators. 3 The present method appears to be more economical and suitable for routine bioequivalence studies. A detailed validation of analytical method was performed in accordance with USFDA guidelines 10 to yield reliable results that could satisfactorily interpret the outcome of the bioequivalence study in male human subjects.
Materials and Methods

Chemicals and reagents
Working standards of rosuvastatin (batch No. RST-Ca / 052 / 082, purity 99.25%) and internal standard atorvastatin (batch No. WS080C0, purity 99.58%) were prepared in house (Cadila Health Care Ltd., Ahmedabad, India). Acetonitrile and methanol (HPLC grade) were obtained from Merck, Darmstadt, Germany. Formic acid and glacial acetic acid was supplied by E. Merck (India) Ltd. Human plasma was obtained from Gujarat Blood Bank, Ahmedabad, India. Milli-Q Water from Millipore's Milli-Q System was used throughout the analysis.
Stock solutions and standards
Stock and working solutions of rosuvastatin and atorvastatin were prepared by dissolving an appropriate amount of the drug with a mixture of water and methanol (1:1, v/v) and were stored at 2 to 8 ºC. Eight non-zero calibration standards ranging from 1.00 to 50.00 ng mL were prepared by adding 50 μL of a known working solution of rosuvastatin and 50 μL of internal standard solution to 450 μL of drug free human plasma containing EDTA as anticoagulant. The quality control samples (QC) were prepared in the manner similar to the calibration standard at three concentration levels -low, medium (mid) and high (3.0, 15.0 and 45.0 ng mL
-1
). During each run, six replicates of QC samples were extracted along with the calibration standards to verify the reproducibility, repeatability and integrity of the method.
Sample preparation
After adding 50 μL of internal standard to 500 μL of plasma samples obtained from human subjects, solid phase extraction (SPE) was performed using Water's Oasis ® HLB 1cc (30 mg) cartridges and 20 position extraction manifold. The SPE cartridges were conditioned with 1.0 mL methanol followed by equilibration with 1.0 mL water. Thereafter, 500 μL plasma sample spiked with internal standard were loaded on the conditioned cartridge. In order to remove water-soluble interference, washing was performed with 2.0 mL water. The analytes of interest were finally eluted from SPE cartridge with 1.0 mL of eluent (0.5% glacial acetic acid in methanol). The eluent was evaporated to dryness in a thermostatically controlled water-bath maintained at 40 ºC under the stream of nitrogen for about 25 min. After drying, the residue was reconstituted in 250 μL of diluent (acetonitrile: 0.5% glacial acetic acid in water (1:1 v/v)) and injected in liquid chromatograph.
Chromatographic and MS / MS conditions
Chromatographic separation was performed with a mobile phase (acetonitrile: 0.2% formic acid in water 60: 40 v/v) flowing through a YMC J Sphere ODS H-80 column 4 μm (4.6 mm I.D 5150mm) maintained at 30 °C, with a flow rate of 1.0 mL min -1 with split of 200 μL to mass spectrometer and 800 μL to waste. Under these conditions, the retention time for rosuvastatin and the internal standard were around 2.50 min and 4.36 min ( Figure 2 ). The injection volume was 50 μL and the injector needle wash solvent was acetonitrile: water (50:50, v/v).
The API 3000-LC-MS/MS system, PE Sciex, Foster City California, USA was operated in the positive ion mode with Turbo ion spray heater set at 250 °C. Multiple Reaction Monitoring (MRM) transitions measured for rosuvastatin were m/z 482 and 258 for rosuvastatin and m/z 559 and 440 for internal standard respectively with a 400 ms dwell time of for both .The ion spray voltage was set at +5800 V, the ring voltage at 195 V, and the orifice voltage at 70 V. The nebuliser gas (zero air) pressure was 10 and the Turbo ion spray gas flow rate at 6.0 L min -1 (zero air). The collision gas (nitrogen) was set at 8 and the curtain gas (nitrogen) was set at 12. The deflector was set at -400 V and the channel electron multiplier at 2900 V.Collision energy (RO 2 -Q0) was -45.0 V. Quantitation of the analytes in human plasma was based on the peak area ratio of rosuvastatin versus internal standard. The data acquisition was carried out by utilizing Mac DAD 1.4, LC2 Tune 1.4, sample control 1.4 and Turbo Quan 1.0 PE Sciex data system. ) were prepared by adding 50 μL of respective working solution of rosuvastatin and 50 μL of 500 ng mL -1 of internal standard solution to 450 μL of drug free human plasma and analyzed. Five linearity curves containing eight non-zero concentrations were analyzed. A correlation of more than 0.99 was desirable. The lowest standard on the calibration curve was to be accepted 10 as the lower limit of quantitation (LLOQ) if the analyte response in the standard was five times more than that of drug free (blank) plasma. In addition, the analyte peak in LLOQ sample should be identifiable, discrete, and reproducible with a precision of ±20.0% and accuracy within 80.0% to 120.0%. The deviation of standards other than LLOQ from the nominal concentration should not be more than ±15.0%. It was desirable that a minimum of six non-zero standards, including LLOQ, met the above criteria.
Specificity. At least six randomly selected control drug free human plasma samples were processed by the similar solid phase extraction procedure and analyzed to determine the extent to which endogenous plasma components may contribute to the interference at retention time of analyte and internal standard.
Recovery (extraction efficiency) from plasma matrix. Recovery of rosuvastatin was evaluated by comparing the mean peak responses of six extracted quality control (QC) samples of low, medium and high concentrations to mean peak responses of six plain standards of equivalent concentration. Similarly, the recovery of internal standard was also evaluated. As per the acceptance criteria 10 the recovery of the analyte need not be 100.0%, but the extent of recovery of an analyte should be consistent, precise and reproducible.
Accuracy and precision (inter and intra day). Intra day accuracy and precision were evaluated by replicate analysis of rosuvastatin at different concentrations in human plasma. The run consisted of a calibration curve plus six replicates of each lower limit of quantification (LLOQ), low, medium and high quality control (QC) samples. The inter day accuracy and precision were assessed by analysis of LLOQ, low, medium and high quality control samples for rosuvastatin on minimum of four separate occasions. The precision of the method was determined by calculating the percent coefficient of variation (% CV) for the concentrations obtained for different determinations. For the evaluation of precision, the deviation of each concentration level from the nominal concentration was expected to be within ±15.0% except for the LLOQ, for which it should not be more than ± 20.0%. 10 Similarly, the mean accuracy should not deviate by ± 15.0% of the nominal concentration except for the LLOQ where it should not deviate by more than ± 20.0% of the nominal concentration Stability. Six aliquots of each, low and high QC samples were stored in deep freezer at -70 ± 5 °C for 138 days. The samples were processed along with precision and accuracy batch and concentrations obtained were compared with nominal concentrations to determine the long-term stability of rosuvastatin in human plasma.
In order to determine the short-term stability of plasma samples six aliquots each of the low and high-unprocessed QC samples were kept at ambient temperature (23-30 °C) for 24.0 hours. After 24 hours the samples were processed, analyzed and compared with nominal concentrations.
Autosampler stability was determined by analyzing six aliquots each of low and high QC samples that were processed and reconstituted before storing at 10 °C for 8.0 hours. After completion of 8.0 hours, samples were reanalyzed and concentrations compared with the freshly prepared control samples. For determining the solution stability of rosuvastatin working solutions of 15.0 ng mL -1 were kept at 2 to 8 °C for 138 days. Thereafter, the mean area of rosuvastatin from three replicate chromatographic runs was compared to theoretical concentration.
Effect of freeze and thaw cycles on stability of plasma samples after three freeze and thaw cycles was also was determined. Six aliquots each of low and high-unprocessed quality control samples were stored at -70 ± 5 °C and subjected to three freeze thaw cycles. After the completion of third cycle the samples were processed, analysed and results were compared with nominal values. All the stability samples were considered stable if the deviation from the nominal concentration was within ±15%.
Study design. The above method was applied to compare the single dose oral relative bioavailability and to establish bioequivalance of 20 mg rosuvastatin tablets of M/s. Cadila Healthcare Ltd., India, with that of Crestor tablets of M/s. Astra Zeneca, USA, in healthy, adult, male, human subjects under fasting condition.
The study was conducted using an experimental design 11 of two way crossover single blind and randomized study in 14 healthy adult, male, human subjects under fasting conditions, after they had been informed of the purpose, protocol and risk of the study. All subjects gave written informed consent and local ethics committee approved the protocol. The study was conducted strictly in accordance with the current GCP (Good Clinical Practices) ICH (International Conference on Harmonization), ICMR (Indian Council of Medical J. Braz. Chem. Soc.
Research) and USFDA guidelines. 11 Blood samples were withdrawn at 0, 1, 2, 3, 4, 5, 6, 7, 8, 10, 14, 24, 48, and 96 hours after the oral administration of the dose. Samples were centrifuged and plasma was separated and stored at -70 ± 5 °C until analysis was performed using a previously validated LC-MS/MS method.
The pharmacokinetic parameters namely maximum plasma concentration (C max ), time point of maximum plasma concentration (T max ), area under the plasma concentration-time curve from 0 hr to the last measurable concentration (AUC 0-t ), area under the plasma concentration-time curve from 0 h to infinity (AUC 0-∞ ), elimination rate constant (λ Z ) and half-life of drug elimination during the terminal phase (t 1/2 ) were calculated for rosuvastatin in test and reference formulations using non-compartmental model of WinNonlin Professional Software version 4.0.1 (Pharsight Corporation, USA). The mean pharmacokinetic parameters obtained for the test and reference formulation are presented in Table 5 . The statistical analysis of pharmacokinetic parameters was performed using SAS ® Release 8.2 (SAS Inc. USA). Based on the statistical results of 90% confidence intervals for the ratios of the means of ln-transformed pharmacokinetic parameters, namely C max , AUC 0-t and AUC 0-∞ , conclusions were drawn as to whether the test formulation was bioequivalent to the reference formulation. Bioequivalence was to be concluded if the 90% confidence interval fell within the bioequivalence range 12 of 80.0 to 125.0% for C max , AUC 0-t and AUC 0-∞ .
Results and Discussion
Bio-analytical method validation
Linearity and limit of quantitation .Calibration curves were found to be linear and precise over the calibration range of 1.0 to 50.0 ng mL -1
. The lower limit of quantitation was 1.0 ng mL -1 (lowest standard level) with coefficient of variation of 4.46% and accuracy of 102.45%. The upper limit of quantitation was 50.0 ng mL -1 with coefficient of variation of 2.97% and accuracy 96.08%. Results are presented in Table 1 . The correlation coefficient ranged between 0.9950 to 0.9985 with an average value of 0.9972 (Table 1) . Back calculations were made from the calibration curves to determine accuracy of each calibration standard
Specificity. There was no significant interference at the retention times for rosuvastatin or internal standard from six different batches of drug free human plasma used for analysis.
Recovery (extraction efficiency) from plasma matrix. The mean recovery for rosuvastatin in human plasma ranged between 50.14 to 52.41% and data are presented in Table 2 . The mean recovery for internal standard was 54.65% with a coefficient of variation of ±12.14%.
Accuracy and precision (inter and intra day).The coefficient of variation for (Intra-day) accuracy was between 2.85 to 5.78% and the accuracy values were found to be between 96.23% to 113.90% in human plasma as presented in Table 3 . Inter day accuracy was between 96.08 to 108.17% with coefficient of variation of 8.92 to 15.48% (Table 3) .
Stability. Rosuvastatin was stable at -70 ± 5 °C for 138 days (long term stability) in human plasma. The percent changes (bias) in rosuvastatin concentration over the stability-testing period of 138 days in deep freezer at -70 ± 5°C were -1.65% and -2.40% at the concentrations of 3.0 ng mL -1 and 45.0 ng mL -1 respectively. Rosuvastatin was found to be stable over 24.0 hours in human plasma at room temperature (23-30 °C). The percent bias observed were 3.92 and -3.32 at the concentration of 3.0 ng mL -1 and 45.0 ng mL -1 (i.e. LQC and HQC) respectively (Table 4 ). In the auto-sampler at 10 °C, reconstituted samples of rosuvastatin were stable for 8.0 hours after sample processing. Percent bias for reconstituted (Table 4) . Frozen plasma samples containing rosuvastatin were found to be stable even after subjecting to three-freeze thaw cycles. The percent bias observed were -11.18 and -11.48 at the two concentrations studied, as shown in Table 4 . Working solutions of rosuvastatin and internal standard were found to be stable for 138 days at 2 °C to 8 °C. 
Statistical evaluation of pharmacokinetic parameters
The pharmacokinetic comparison between the two formulations was made in terms of extent (AUC 0-t and AUC 0-∞ ) and rate (C max and T max ) of absorption. The mean pharmacokinetic parameters for the test and reference formulation are presented in Table 5 .
Rate of absorption. The mean C max for the reference and test formulation were 29.48 ± 18.42 ng mL -1 and 33.75 ± 20.94 ng mL -1 respectively (TABLE 5) . The two onesided 90% confidence interval for the ratio of the lntransformed means of C max was found to be 91.45%-114.24% (Table 5 ). This interval was within the acceptance limit of 80.0 to 125.0%, required for the conclusion of bioequivalence. The mean T max for reference and test formulations were 2.692 ± 1.60 hours and 2.692 ± 1.79 hours ( Extent of absorption. The mean AUC 0-t and AUC 0-∞ for the reference and test formulation are presented in Table 5 . The two one-sided 90% confidence interval for the ratios of the ln-transformed means of AUC 0-t and AUC 0-∞ was found to be 84.88% to 122.25% and 86.40% to 119.29% respectively. These intervals were within the acceptance limits of 80.0 to 125.0%, as required for the conclusion of bioequivalence.
These observations confirm that the test product (rosuvastatin tablets containing 20 mg rosuvastatin manufactured by Cadila Healthcare Ltd., India) was bioequivalent to the reference product (Crestor tablet containing 20 mg of rosuvastatin M/s Astra Zeneca, USA) in terms of rate and extent of absorption. The mean concentration versus time graphs for the two formulations are shown in Figure 3 . In addition, there were no reports of any adverse events during the conduct of the study.
Conclusions
The statistical analysis of pharmacokinetic parameters confirmed that the test product of M/s. Cadila Healthcare Ltd., India, when compared with the reference product Crestor tablet of M/s. Astra Zeneca, USA, were bioequivalent in terms of rate and extent of absorption.
The bio-analytical methodology described in this manuscript was specific, sensitive accurate and precise enough to be successfully applied to bioequivalence study. The method employed sample preparation by solid phase extraction (SPE) with adequate recovery, followed by isocratic HPLC coupled with tandem mass spectrometric detection (LC-MS/MS). The LC-MS/MS method was capable of estimating rosuvastatin up to 1.0 ng mL -1 accurately in human plasma with accuracy and precision.
